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1. Introduction 
 

As energy demand increases in China, the increasing 

mining depth and mining intensity aggravate the water 

inrush hazard (Sun et al. 2016, Zhao et al. 2020a). Water 

disaster in coal mine not only results in significant 

casualties and economic losses (Wang et al. 2018), but also 

aggravates the current situation of water shortage and 

negative ecological environment effect by unreasonable 

drainage (Hu et al. 2016, Loupasakis et al. 2014, Ma et al. 

2019). Especially in the arid areas of Northwest China, the 

geological reserves of Jurassic coal resources account for 

about 60% of China’s total coal resources. In the process of 

mining coal resources, roof water disasters such as flood of 

water, water inrush, and sand inrush continue to emerge, 

which has brought severe challenges to the prevention of 

mine water disasters and safety production. 

Due to the complex geological conditions of most coal 

mines, China has been one of the most serious countries in 

the world for the mine water accidents (Wu et al. 2016, 

Zhao et al. 2020b, Zhou et al. 2020), and many mining  
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operations are generally facing the threat of groundwater. 

When the mining-induced cracks spread into the roof 

aquifer, the groundwater flows indirectly or directly along 

the cracks, causing serious roof water disasters. For these 

mines with danger of water inrush in overlying confined 

aquifers, boreholes are usually carried out during tunneling 

to pre-drain groundwater in aquifers, directly or indirectly 

draining to the safe water head (See Fig. 1). This method 

reduces the threat of roof water hazards to mining 

operations and has become the most important preventive 

measure for roof water disasters in coal mines (Zhao et al. 

2019a, Meng et al. 2018). 

In order to ensure the effective drainage of the roof 

aquifer, coal enterprises usually design many boreholes for 

water exploration and drainage according to the conditions 

during tunneling. As an example, in the Jinjie Coal Mine of 

Shanxi province, China, pre-drainage of groundwater from 

aquifer have be arranged in 18 mining faces, and there are 

up to 146 drainage boreholes for a single working face. The 

pre-drainage water volume accounts for about 60% of the 

mine hydraulic discharge (Huang 2017). The first mining 

face of Caojiatan Coal Mine was arranged for 120 drainage 

boreholes. The project cost exceeded 5 million yuan, and 

water outflow of a single borehole could reach 80 m3/h 

(Zhao et al. 2019a). 

Based on numerous on-site drilling and drainage works, 

many scholars have summarized and analyzed the effects 

and laws of drilling drainage. Samani et al. (2006) derived 

the Laplace-transform solution for the problem of flow to 

horizontal drains in an anisotropic unconfined aquifer. Dong  
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Abstract.  Pre-drainage of groundwater in the roof aquifer by boreholes is the main method for prevention of roof water 

disaster, and the drop in the water level during the drainage leads to the variation of the local stress in the overlying strata. Based 

on a multitude of boreholes for groundwater drainage from aquifer above the 1303 mining face of Longyun Coal Mine, 

theoretical analysis and numerical simulation are used to investigate the local stress variation in the process of borehole drainage. 

The results show that due to the drop in the water level of the roof aquifer during the drainage, the stress around the borehole 

gradually evolved. From the center of the borehole to the outside, a stress-relaxed zone, a stress-elevated zone, and a stress-

recovered zone are sequentially formed. Along with the expansion of drainage influence, the stress peak in the stress-elevated 

zone also moves to the outside. When the radius of influence develops to the maximum, the stress peak position no longer 

moves outward. When the coal mining face advances to the drainage influence range, the abutment pressure in front of the 

mining face is superimposed with the high local stress around the borehole, which increases the risk of stress concentration. The 

present study provides a reference for the stress concentration caused by borehole drainage, which can be potentially utilized in 

the optimal arrangement of drainage boreholes in underground mining. 
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et al. (2012) used the trial-and-error method to determine 

the satisfactory drainage capacity of an underground coal 

mine based on a calibrated numerical model. Yao (2011) 

hold the view that the roof water-rich stratum of roadway is 

rich in clay minerals, with well-developed intergranular 

pores and good connectivity, and its strength decreases in 

water, which are the internal factors of the intensity 

weakening for roadway wall rock. 
The above-mentioned works provide references and 

basis for the aquifer drainage and the prevention of roof 
water disaster. However, from the perspective of rock mass 
stress-seepage coupling (Ahmed et al. 2019, Rongved and 
Cerasi 2019, Taleghani et al. 2018, Zhang 2020, Zhang et 
al. 2021), the changes in the water level and the radius of 
influence may cause local stress redistribution (Kim et al. 
2018), and then have an impact on mining operations. The 
current studies in this area are not yet perfect. In this paper, 
we aim to establish a local borehole drainage model to 
analyze the variation of local stress during drainage, and 
then discuss the effects of the borehole drainage on the 
mining. According to the research results, it is suggested to 
consider the stress transfer effect in the process of drainage 
when arranging drainage boreholes, so as to reduce the 
stress concentration. 
 

 

2. Engineering overviews 
 

2.1 Geological and mining conditions 
 

Longyun Coal Mine is located in the northernmost part  

 

 
 

of Juye Mine Field. The coal-bearing strata in the mine field 

are Shanxi Formation and Taiyuan Formation, and the main 

coal seam to be mined is 3# coal of Shanxi Formation. The 

depth of 1303 working face is between -1035 m to -933 m, 

and the average thickness of the coal seam is 7 m. 

According to the exploration data, the main aquifers 

developed from top to bottom in the working face include 

Quaternary, Neogene aquifer, Permian upper Shihezi 

Formation sandstone aquifer, and Permian Shanxi 

Formation sandstone aquifer. According to the spatial 

relationship between coal seam and aquifers, Quaternary 

and Neogene aquifers are separated by aquicludes with 

stable thickness and wide distribution. The possibility of 

infiltration of aquifer, atmospheric precipitation and surface 

water into deep aquifer is very small, which has no impact 

on mining activities in this mining area under normal 

conditions. Therefore, the roof aquifer that has great 

influence on the mining of #3 coal seam is mainly the 

sandstone aquifer of Shanxi Formation. The spatial 

relationship of roof strata is shown in Fig. 2. 

 

2.2 Situation of water drainage in 1303 mining face 
 

According to the high-density electrical measurement 

results of the mining face roof, there are 6 water-rich 

abnormal zones within the range of 60 m to 120 m of the 

roof of 1303 working face (as shown in Fig. 3). Combined 

with drilling analysis, the 6 water-rich areas are relatively 

stable in the range of 60 m to 120 m above the roof. Many 

boreholes were arranged for exploration and drainage  

 

Fig. 1 Roof water inrush and the borehole drainage in underground mining 

 

Fig. 2 Diagram of #3 coal seam and its roof and floor 
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before the 1303 working face mining. 314 boreholes were 

drilled into the sandstone aquifer of the Shanxi Formation, 

and the cumulative water discharge for all boreholes was 

4344978 m3 (during the tunneling). During the drainage, the 

maximum water outflow rate of a single hole was 94 m³/h, 

and the maximum water pressure was 1.9 MPa for the 

borehole in #18 chamber. At present, the water discharge of 

this borehole is still maintained at about 50 m³/h. The total 

outflow rate of the boreholes from #18 to #22 is about 150 

m³/h. After a great deal of drainage work of roof sandstone 

aquifer, the adjustment and redistribution of local stress 

caused by water level drop will inevitably have a certain 

impact on mining operations. 

 

 

3. Local stress variation around drainage borehole 
 

In this section, a simplified model of the borehole for 

water drainage from roof aquifer is established to analyzed 

the influence range and local stress variation during 

drainage. 

 

3.1 Geological and mining conditions 
 

At present, the flow of groundwater toward a fully 

penetrating well has been widely studied (Celik 2019, Feng 

et al. 2019). The following assumptions are generally 

adopted: 1) The roof aquifer is homogeneous and isotropic, 

with constant thickness, and horizontal and infinitely 

extending; 2) The water level of the roof aquifer before 

drainage is horizontal and stable; 3) The flow of water  

 

 

 

obeys Darcy’s law. 

According to the groundwater dynamics (Deng et al. 

2019), in the stable stage, a cone-shaped depression zone is 

generally formed as a whole, which is called the cone of 

depression. The water head isoline and influence range of 

the borehole in stable stage are shown in Fig. 4. The water 

velocity, hydraulic gradient and influence range are 

expressed as follows: 

 
(1) 

 
(2) 

 
(3) 

where, v is the flow velocity, m/s. K is the hydraulic 

conductivity, m/d. J is the hydraulic gradient. ΔH is the 

water head fall, m. ΔS is the distance of the water head 

isoline, m. R is the radius of influence, m. r0 is the radius of 

the drainage borehole. S is the drop distance of water head 

in the borehole. 
 

3.2 Seepage damage to rock 
 

The flow of groundwater from aquifer to the borehole is 

essentially a transition of groundwater from slow seepage to 

pipeline flow, during which the velocity gradually increases 

(Li et al. 2019). In this process, on the one hand, the flow of 

water causes physical damage such as softening, scouring, 

particles migration and diffusion of cement and debris (Ji 

and Li 2018, Ma et al. 2017). On the other hand, cement  

 
Fig. 3 Distribution of water-rich areas above 1303 mining face 

 
Fig. 4 Water head isoline and influence range of the borehole 
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and debris continuously undergo chemical damage such as 

hydration, hydrolysis, corrosion, and redox in water (Feng 

and Ding 2007, Yasuhara et al. 2011). Kim et al. (2020) 

observed rapid tunnel over-displacement due to the 

squeezing of a fault rupture zone after the inflow of a large 

amount of groundwater. And upward infiltration pressure on 

the tunnel road was found to cause severe pavement 

damage. Shu (2019) studied the influence of different flow 

velocity on the mechanical properties of sandstone in water-

rich area, such as friction angle, cohesion, tensile strength, 

and so on. The mechanical properties of the specimen 

weakened by water-rock interaction are shown in Table 1. 

Considering the damage to the rock caused by long-term 

seepage of the borehole drainage in roof aquifer, the 

physical and mechanical parameters of the rock mass within 

the influence range are weakened after the initial stress 

balance of the model, and then the numerical computation is 

performed. 

 

3.3 The mathematical model 
 

3.3.1 Rock deformation 
The assumption of small strain is adopted in this study. 

The mechanical equilibrium is described as follows: 

 
(4) 

where,  is the total stress tensor and  is the body 

force vector. 

To take into account the coupling between rock 

deformation and pore fluid pressure, the classical Biot’s 

poroelasticity theory is adopted here. Stress is positive 

during tension and negative during compression. The elastic 

effective stress tensor  is then defined by 

 
(5) 

where, α is the Biot’s coefficient,  is the second-order 

identity tensor, and p is the pore fluid pressure. 

The strain tensor ɛ is related to the displacement vector 

via the kinematic compatibility relations 

 

(6) 

where,  is the displacement vector. 

 

3.3.2 Fluid flow in rock mass 
As mentioned above, the rock is assumed to be an 

isotropic porous medium. The fluid flow in rock mass is  

 

 

described by mass conservation and Darcy’s law: 

 
(7) 

 

(8) 

where, ρ is the fluid density.  is the fluid velocity. k is the 

permeability. μ is the fluid dynamic viscosity. g is the 

gravitational acceleration. 

 

3.3.3 Permeability variation of rock mass 
According to the cubic exponential relationship between 

permeability and porosity proposed by Palmer (2009) and 

Rutqvist and Tsang (2002), which can be written as: 

 

(9) 

where,  is the initial permeability.  is the initial 

porosity, and ϕ is the porosity.  

The porosity of rock mass is related to stress state 

(Louis 1974), the follow relation is proposed: 

 
(10) 

where,  is the extreme porosity under high pressure, 

.  is the sensitivity coefficient of porosity with 

stress,  (Zhao et al. 2019b). σv is the 

average value of effective stress, which can be defined as 

follows: 

 

(11) 

where, σ1, σ2, and σ3 are the maximum, the intermediate, 

and the minimum principal total stress, respectively. 

 

3.3.4 Fluid flow in borehole 
The drainage borehole is the outflow boundary of the 

aquifer seepage field. The borehole wall has hydraulic 

connection with the aquifer. Considering that the flow 

resistance in the drainage borehole is small and the borehole 

diameter is small, in order to maintain the size consistency 

between the borehole and the aquifer, the Darcy’s law is 

amended as follows: 

 
(12) 

Table 1 The mechanical properties of the specimen damaged by different fluid velocity (Shu 2019) 

 
Compressive strength 

(MPa) 
Tensile strength (MPa) 

Elastic modulus 

(GPa) 
Poisson’s ratio 

Internal friction angle 

(deg) 
Cohesion (MPa) 

Dry state 65 2.72 17 0.269 66.8 6.65 

0 L/min 28.08 1.94 8.37 0.282 60.5 3.69 

8 L/min 24.76 1.66 8.25 0.293 60.9 3.21 

15 L/min 23.89 1.51 7.38 0.302 61.7 3.01 
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(13) 

where, db is the diameter of borehole.  is the gradient 

operator of the tangential plane of the borehole.  is the  

 

 

 

 

flow velocity.  is the permeability of borehole, which 

can be expressed by the cubic law as follows (FiaFR 2020): 

 

(14) 

where, f is the borehole’s friction factor (f = 1 is assumed in  

 
Fig. 5 Numerical model 

Table 2 The mechanical properties used in the model 

Lithology Density (kg/m3) 
Elastic modulus 

(GPa) 
Poisson’s ratio Initial porosity 

Initial permeability 

(m2) 
Biot’s coefficient 

Mudstone 2600 3.55 0.26 0.15 4.5×10-9 0.45 

Sandstone 

aquifer 
2380 3.12 0.28 0.24 7.8×10-8 0.72 

Mudstone 2600 3.55 0.26 0.16 4.5×10-9 0.48 

Coal 1400 3.25 0.32 0.18 8.0×10-9 0.54 

Borehole / / / / 0.0083 / 

 
 

(a) 20 d (b) 40 d 

 
 

(c) 60 d (d) 80 d 

Fig. 6 Water head contours and streamlines during the drainage 
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our study). 

 

3.4 Numerical model 
 

Taking the drainage chamber in roadway of 1303 

mining face as a case, a numerical model is established, as 

shown in Fig. 5, which is based on the in-site lithological 

conditions illustrated in Fig. 2. The model is 200 m wide 

and 100 m high, and the drainage chamber is located in the 

horizontal center. The drainage borehole is located above 

the chamber and intersect the whole sandstone aquifer of 

Shanxi Formation on the roof. 

 

 

 

The buried depth of coal seam is about -940 m. Vertical 

stress is used to simulate the overlying strata pressure (20 

MPa) at the upper boundary. In the lateral boundaries, 

horizontal displacements are constrained. In the bottom 

boundary, the vertical displacements are constrained. The 

initial head of sandstone aquifer in Shanxi Formation is 200 

m, which increases with the increase of depth. And the 

water head drops 10 m at each step, simulating the water 

head drop of the aquifer once every 5 days. The fracture 

flow node is added on boundaries to define the flow along 

interior boundaries representing the drainage borehole 

within rock mass. The bottom of the borehole is the outflow 

 
Fig. 7 Radius of influence during the borehole drainage 

  
(a) 8 m (b) 15 m 

  
(c) 25 m (d) 45 m 

Fig. 8 Local vertical stress distribution with different radius of influence, note the vertical stress plotted in this work is 

component of the effective stress tensor  
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boundary of the drainage borehole (zero pressure). Other 

boundaries are no flow. 

To solve the coupled equations of stress and seepage 

fields, the commercial finite element software of COMSOL 

Multiphysics was used. High density and quality grids for 

the model were generated (a total of 9208 triangular 

elements) to guarantee sufficient accuracy and good 

iteration convergence in the COMSOL simulation. Table 2 

summarizes the properties used in the model. Through this 

numerical model, the variation of water level in roof aquifer 

and stress around the borehole can be observed and 

analyzed. 

 

3.5 Result analysis 
 

3.5.1 Influence range during the drainage 
The water pressure head contours and streamlines in the 

process of the borehole drainage are shown in Fig. 6. With 

the change of the water level, a cone-shaped depression 

zone around the borehole is formed in the aquifer, and the 

groundwater continuously seeps into the borehole from the 

aquifer. The simulation results are consistent with the 

theoretical analysis shown in Fig. 4. At the same time, the 

flow field coupling model of aquifer seepage and borehole 

pipe flow is realized. 

As the water level continues to drop during the drainage, 

the cone-shaped depression zone expands outward, and its 

influence radius also increases. If there is a recharge source 

in the aquifer, when the volume of discharge is equal to the 

recharge, the cone-shaped depression zone will no longer 

expand outward, and there is a maximum influence radius 

. Then, the influence radius 

variation during the drainage is summarized in Fig. 7. If 

there is no recharge source in the aquifer, the influence 

range will continue to expand outward. At this point, the 

maximum influence radius Rmax is the distance between the 

borehole and the boundary of the water-rich area. 

 

3.5.2 Local stress variation during borehole drainage 
Fig. 8 shows the local vertical stress distribution when 

the radius of influence are 8 m, 15 m, 25 m, and 45 m, 

respectively. It can be seen from the figure that the local 

vertical stress around the borehole has changed significantly 

during the drainage. The area with the lowest vertical stress 

is always near the borehole center, and the higher vertical 

stress zone is outside the borehole. With the expansion of 

influence radius, the higher vertical stress zone around the 

borehole gradually expands outward. 

The vertical stress curves in roof aquifer during drainage 

are plotted in Fig. 9. It is seen that the vertical stress in roof 

aquifer changes obviously. Compared with the undisturbed 

original stress of 20.9 MPa at a distance, the stress around 

the borehole decreases, while the stress on the edge of the 

influence radius increases. This outcome means that from 

the center of the borehole to the outside, a stress-relaxed 

zone, a stress-elevated zone, and a stress-recovered zone are 

sequentially formed. The peak stress is always located on 

the edge of the radius of influence, when the radius of 

influence extends, the peak stress and the stress-elevated 

zone gradually moves outward. 

 

Fig. 9 Vertical stress distribution in roof aquifer with 

different radius of influence 

 

 

Fig. 10 Vertical stress distribution in coal roof with 

different radius of influence 

 

 

Fig. 11 Local stress variation during the drainage from 

roof aquifer 

 

 

The vertical stress curves in coal roof during drainage 

are plotted in Fig. 10. Under the influence of the vertical 

stress variation of roof aquifer, the stress of coal roof also 

changes. Similarly, with the transfer of overburden stress,  
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the local stress of coal seam roof is differentiated. And the 
stress-relaxed zone and the stress-elevated zone also appear. 
With the influence radius extended, the peak stress in coal 
roof also moves to the outside. This indicates that the water 
drainage from roof aquifer by boreholes may cause the 
stress concentration in stratum. 

Combined with the above analysis, the local stress is 
redistributed due to the borehole drainage. The borehole 
drainage for roof aquifer reduces the local vertical stress 
level. Then the stress shifts outward and redistributes, 
forming a vertical stress concentration at the influence 
radius. With the expansion of influence range, the position  

 

 
 

of stress concentration also moves outward continuously. 

When the influence range of drainage expands to a certain 

extent, there will be a fixed radius Rmax in the influence 

range, and the stress concentration position will no longer 

move outward. Then the stress variation in the overburden 

during the drainage can be summarized in Fig. 11. 
 

 

4. Impact of the drainage-induced stress variation on 
mining operations 
 

After long-term drainage by the borehole, the influence 

range in roof aquifer above 1303 working face has become  

 

Fig. 12 Numerical model of mining advancing 

  
(a) 40 m (b) 60 m 

  
(c) 80 m (d) 100 m 

Fig. 13 Distribution of distribution of vertical stress during mining 

486



 

Effects of the borehole drainage for roof aquifer on local stress in underground mining 

 

 

 

 

stable. When the mining nears the influence range, it is easy 

to be affected by local stress of borehole drainage. This 

section discusses the impact of local stress variation around 

the drainage borehole on mining 

 

4.1 Numerical model 
 

As shown in Fig. 12, a simplified mechanical model is 

established in line with the engineering geological 
conditions of the 1303 mining face. The model size is 300 

m wide and 200 m high. The drainage borehole is located in 

the horizontal center and intersects the whole sandstone  

 

 

 

 

aquifer of Shanxi Formation. A uniform load of 20 MPa is 

applied to the upper boundary of the model. The lateral 

boundaries are constrained by horizontal displacement, and 

the bottom boundary is constrained by vertical 

displacement. After long-term drainage, the water pressure 

of the aquifer tends to be stable, and the initial head in this 

model is set at 100 m. Consistent with the previous model, 

the borehole is set as the fracture flow boundary. The 

attributes in Table 2 are still input as model parameters. 

Similarly, high density and quality grids for this model were 

generated (a total of 13112 triangular elements) to 

guarantee sufficient accuracy and good iteration 

 

Fig. 14 Abutment pressure in front of the mining face during mining 

 
Fig. 15 Location of rock burst in adjacent 1301 working face 

  
(a) Broken anchor net (b) Floor heave 

Fig. 16 Serious destroy in the roadway 
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convergence in the COMSOL simulation. 

The open-off cut in the coal seam is 50 m away from the 

left boundary of the model, and each step is simulated to 

mining 20 meters until it reaches the place near the drainage 

hole. In order to reflect the actual situation of roof caving in 

goaf, the previous advancing section is filled every other 

advance to simulate the collapse and compaction of stope. 

Assuming that the influence range of drainage has been 

stable, stress survey line is arranged at the top of coal seam 

to analyze the change of abutment pressure in front of 

working face during mining. 

 

4.2 Result analysis 
 

The vertical stress in the domain during mining 

advancing is calculated and plotted in Fig. 13. When the 

excavation is 40 m, the peak abutment pressure is 45.76 

MPa, and the stress concentration factor is 2.18. When the 

excavation is 60 m, the peak abutment pressure is 47.84 

MPa, the stress concentration factor is 2.28. The stress 

concentration coefficient increases, and the ground pressure 

behavior is obvious in front of the mining face. When the 

excavation is 80 m, the peak abutment pressure is 49.26 

MPa, and the stress concentration factor is 2.35. The stress 

concentration factor increases rapidly, and the impact risk is 

high. When the excavation is 100 m, the peak abutment 

pressure is 44.34 MPa, the stress concentration factor is 

2.12, and the stress concentration factor decreases. 

Fig. 14 depicts the abutment pressure in front of the 

working face during mining advancement. It can be seen 

that as the advancing of the mining face from 40 m to 80 m, 

the peak abutment pressure in front of the working face 

increases gradually. Combined with the analysis in section 

3.5, this is due to that the mining face gradually enters the 

local stress-elevated zone of the drainage borehole, and the 

front abutment pressure and the local high stress of the 

drainage borehole superimpose to form a high stress 

concentration. However, as the mining face advances to the 

center of the drain borehole, the front abutment pressure 

peak decreases suddenly, which is affected by the local 

stress-relaxed zone of the drainage borehole. Far away in 

front of work, the abutment pressure gradually returns to the 

original rock stress. Consequently, the mining face is easy 

to be affected by the borehole drainage during mining 

advancing, especially the abutment pressure increases 

significantly near the influence radius, but decreases near 

the drainage borehole center. 

The borehole drainage from roof aquifer leads to stress 

transfer, forming the local stress-elevated zone and stress-

relaxed zone. And the coal in front of the working face has 

been in the limit equilibrium state under the high abutment 

pressure during mining advancing. When the front abutment 

pressure of the working face superposes the local stress-

elevated zone of the borehole drainage, a high stress 

concentration is formed. When the strength of surrounding 

rock exceeds the limit, it will increase the risk of rock burst 

accident. 
 

4.3 Validation by field data 
 

Before mining in the adjacent 1301 working face, a  

 

Fig. 17 Diagram of stress superposition in front of 1301 

mining face 

 

 

Fig. 18 Optimization for the borehole position during 

tunneling 
 

 

great deal of drainage work has been done. Seven upward 

boreholes drained from the aquifer with a length of 55 m 

were arranged in the water sump. After 30 days of the 

drainage, the water pressure of the roof confined aquifer 

decreased to 0.1 ~ 0.4 MPa. By Eq. (3), the influence radius 

has reached about 40 m ~ 80 m. And according to the 

findings in the paper, there is a stress-elevated zone (See 

Fig. 15). When the 1301 mining face was excavated to 152 

m, the Stressometer 56# (91 m away from the mining face) 

and Stressometer 6# (63 m away from the mining face) at 

the site increased by 3.2 and 4.5 MPa, respectively. It 

indicates that these stressometers are in the increased stress-

elevated zone. But the Stressometer 3# (33 m away from 

the mining face) has remained unchanged. A serious rock 

burst occurred in the roadway of the 1301 working face 

(See Fig. 16), and the location of the rock burst was 90 m 

away from the working face. The accident position is just 

located in the local stress-elevated zone of the boreholes in 

water sump. The variations of field data are in good 

agreement with the results of this study. The high stress 

concentration is formed by the superposition of front 

abutment pressure and local high stress by the drainage (as 

shown in Fig. 17). 

During the drainage by boreholes, the peak stress in 

rock stratum continuously moves outward with the 

expansion of influence range. When the influence range of 

the drainage extends to Rmax, the peak stress in with the 

expansion of drainage influence range will stop moving 

outward. In order to avoid the superposition of front 
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abutment pressure and local high stress caused by drainage, 

it is suggested that the distance L of drainage borehole 

behind the tunneling place should be greater than the 

maximum range of drainage influence Rmax, as shown in 

Fig. 18. In addition, stress monitoring and early warning 

should be strengthened, and measures such as hydraulic 

fracturing and pressure relief by large-diameter boreholes 

should be taken in time to reduce the risk of stress 

concentration and ensure coal mining safety. 

 

 

5. Conclusions 
 

A stress-seepage coupled numerical model is established 

to investigate the local stress variation induced by the 

borehole drainage from roof aquifer, and the effects of the 

stress variation on the mining operations are further 

analyzed. The following conclusions are drawn: 

• The borehole drainage results in the stress transfer of 

the roof aquifer, and the local stress-relaxed zone, the 

stress-elevated zone and the stress-recovered zone are 

formed from the borehole center to the outside. During the 

drainage, the influence range gradually expands, and the 

stress-elevated zone also gradually expands outward, until 

the influence radius extends to Rmax, the stress-elevated 

zone stops moving. 

• The front abutment pressure is usually caused by 

excavation. When the peak stress of local stress-elevated 

zone caused by drainage superimposes with the front 

abutment pressure, the high stress concentration is formed. 

However, for the coal seam which has been in the limit 

equilibrium state in front of the mining face, it is easy to 

induce rock burst accidents. 

• For the local high stress caused by the drainage, the 

layout of boreholes should be optimized, stress monitoring 

should be strengthened and pressure relief measures should 

be taken to avoid superimposing with other stress 

concentration to ensure safety. 
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